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FATIGUE OF REI6 41 UNDER CONSTANT- AND RABDOM-AMPLITUDE 

LOADING AT ROOM AND ELEVATED TEMPERATURES 

By Edward P. Phillips 
Langley Research Center 

SUMMARY 

Narrow-band random-amplitude and constant-amplitude bending fatigue tests 
were conducted on sharply notched Red 41 specimens at room temperature, 700° F 
(644' K), and 1400' F (1033' K). When compared on the basis of the root mean 
square of the nominal peak stresses, the random loading generally gave shorter 
lives than the constant-amplitude loading. Theoretical life predictions were 
made for the random-loading tests by using the Palmgren-Miner cumulative-damage 
rule and two different peak stress distributions (the distribution determined 
from the tests and the classical Rayleigh distribution). 
estimated the fatigue life in practically all cases. The predicted lives based 
on the Rayleigh peak distribution were always less than those predicted by 
using the experimentally determined peak distribution. For both types of 
loading in the long-life region, a loss of fatigue strength from that at room 
temperature occurred at TOO0 F (644O K) but no further loss occurred at 1400° F 
(1033' K). 

The predictions under- 

INTRODUCTION 

The prediction of the fatigue life of structures subjected to random 
loadings represents a challenging problem to present-day designers of aircraft 
and missiles. A particular vehicle may receive random loadings from several 
sources, each loading being characterized by a power spectrum of different mag- 
nitude and shape. At the present time no analytical methods are available to 
give accurate and consistent answers in this problem area even for materials 
for which the constant-amplitude fatigue properties are well-known. To make the 
problem even more difficult, the high-temperature environments in which many new 
vehicles must operate necessitate the use of new materials for which few fatigue 
data of any kind are available. A remedy to this situation is, of course, to 
conduct test programs employing representative random loadings and temperatures. 

One material which is being considered for high-temperature structural 
applications is Re& 41, a nickel-base superalloy. Some constant-amplitude 
axial-load fatigue data are available and have been published in reference 1. 
The purpose of the present investigation was to compare the fatigue properties 
of Ren6 41 under constant- and random-amplitude loading at room temperature 
( ~ 7 8 ~  F or "299' K), 700' F (644O K), and 1400' F (1033' K) . All tests were 
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conducted on sharply notched cantilever-beam specimens with the loading applied 
at the free end. The stress response in the random-loading tests was narrow 
band in frequency and is representative of a structure for which a natural fre- 
quency occurs within the frequency range of the random-loading spectrum. Theo- 
retical life predictions were made for the random-loading tests by using the 
Palmgren-Miner cumulative-damage theory. Two peak stress distributions were 
used in making the predictions, the distribution determined from the tests and, 
for comparison, the classical Rayleigh distribution which is often assumed for 
narrow-band stress response. (See refs. 2, 3, and 4.) 

SYMBOLS 

The units used for the physical quantities defined in this paper are given 
both in the U.S. Customary units and in the International System of Units (SI). 
(See ref. 5.) The Appendix presents factors relating these two systems of units. 

n 

N 

NF 

'b 

( 3y2 

(qy2 
sP 

P 

number of cycles applied at a given nominal peak stress 

experimental life of fatigue specimen under constant-amplitude 
loading, cycles 

theoretical life of fatigue specimen under random-amplitude loading, 
cycles 

probability of stress peaks occurring in stress band 

root-mean-square nominal stress, ksi (MN/m2) 

nominal peak stress, ksi (MN/m2) 

root mean square of nominal peak stresses, ksi 

notch root radius, inches (cm) 

(MN/m2) 

TESTS 

Specimens 

The specimen configuration used in this investigation is shown in figure 1. 
The dimensions shown in the figure are nominal; the actual dimensions used for 
computing section properties were determined by measuring to the nearest 
0.0001 inch ( 3  pm). 
cal elastic-stress concentration factor of approximately 7 for an axially 
loaded specimen. 

This edge-notched configuration corresponds to a theoreti- 
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The Renk 41 material was obtained as nominal 3/16-inch (0.48-cm) thick 
sheet in the mill-annealed condition. The specimen blanks were sheared from 
the sheet with the longitudinal axis of the specimen parallel to the direction 
of rolling. 
following procedures: 

The blanks were heat treated before machining according to the 

(1) Heat to 1950° F (1339O K); maintain temperature for 30 minutes 

(2) Air cool to room temperature 

( 3 )  Heat to 1400° F (1033O K); maintain temperature for 16 hours 

(4) Air cool to room temperature 

This heat treatment was used to obtain maximum tensile strength. After heat 
treatment, the specimens were machined from the blanks, material being taken 
from all surfaces to remove the oxide film resulting from heat treatment. The 
finished specimens had a surface finish of approximately 0.0001 inch (3 pm) 
root mean square. 

The tensile properties and nominal chemical composition of Re& 41 are 
given in tables I and 11, respectively. The tensile properties were obtained 
from the present investigation and from reference 6. 

Test Equipment and Procedure 

A l l  tests were conducted by using electromagnetic shakers as a means of 
loading. 
tests and an 8-lbf ( 3 6 - ~ )  vector-force shaker for the constant-amplitude tests. 
The free end of the cantilevered specimen was attached to the shaker drive coil 
by means of a rod and flexible connector. The flexible connector minimized 
longitudinal and torsional loading of the specimen. A room-temperature test 
setup is shown in figure 2. A schematic of the testing machines is shown in 
figure 3. 

A 25-lbf (Ill-N) vector-force shaker was used for the random-loading 

Method of stress calibration.- The moving core of a linear variable differ- 
ential transformer (LVDT) was rigidly attached to the drive coil of the shaker. 
Any displacement of the drive coil caused a change in the output of the LVDT. 
For each test, a specimen was alined in the grips and secured to the drive coil 
of the shaker. The load required to produce a desired nominal test-section 
stress was computed with the flexure formula and was applied statically by dead- 
weight loading. The change in output of the LvMl was recorded and used as the 
set point in the ensuing test. The stresses presented in this report are nom- 
inal stresses as calculated from the measured displacements by means of the 
flexure formula and thus do not take into account the effects of plasticity. 

Random loading.- The input signals to the shaker for the random-loading 
tests were repetitions of a magnetic-tape recording of a 6.4-second sample of 
the noise produced by a 2-inch (5.1-em) subsonic cold-air jet. The recording 
was frequency modulated so that wear of the tape would not affect the magnitude 
of the signal. This signal had been used previously in the fatigue 
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investigation in references 7 and 8. 
particular signal in this investigation except that it is random and rather wide 
band in frequency. 

No significance is attached to using this 

Fifty-eight specimens were tested at zero mean stress, various root-mean- 
square stress (LVDT output) levels, and the three temperature levels. The root- 
mean-square stress was held constant at the calibration set point throughout 
each test. An automatic cutoff was provided to shut down the equipment when the 
specimen failed. Time to failure was recorded for each test. 

Tests were monitored by using a root-mean-square (rms) voltmeter and an 
oscilloscope. An estimated maximum error of 5 percent on root-mean-square nom- 
inal stress was possible in the tests since the indicating needle of the root- 
mean-square voltmeter was continuously in motion and this motion had to be cen- 
tered about the desired value by the person conducting the test. 

Samples of the shaker input and stress-response signals were recorded 
simultaneously at the start of each test. 

Constant-amplitude loading.- The input to the shaker for these tests was 
a sinusoidal signal=from an oscillator which was adjusted to operate near the 
natural frequency of the specimen-shaker system. Sixty-seven specimens were 
tested at zero mean stress, various root-mean-square stress levels, and the 
three temperature conditions. The same techniques and equipment used in the 
random-loading tests were employed in conducting these tests. 

Elevated-temperature- testing.- For all tests the temperature was monitored 
and controlled with thermocouples which were spotwelded to the top of the fixed 
half of the grips. A calibration specimen with 9 thermocouples emplaced at the 
test section was used to determine the set point for the control thermocouple 
and to determine the length of time required to attain steady-state conditions. 

Testing at TOO0 F (644' K) was accomplished by using commercially available 
tubular furnaces with a hole cut into the side to allow attachment of the 
forcing rod to the specimen. Power was supplied to the furnace through a power- 
stat which was regulated by a temperature controller-recorder unit. 
setup is shown in figure 4. 

A test 

For testing at 1400O F (1033' K), the tubular furnaces proved to be too 
slow in heating; therefore, an apparatus employing quartz-tube radiant heaters 
and reflectors was built at the Langley Research Center. 
control equipment was the same as that for the 700' F tests. 
shown in figure 5. 

The temperature- 
A test setup is 

RESULTS AND DISCUSSION 

Stress Response for Random Loading 

Typical power spectra of the shaker input (load) and the LVlYT output 
(stress) are plotted in figures 6(a) and 6(b) with logarithmic vertical scales. 
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Samples of the time histories of these signals are also shown in figure 6(c). 
Although the shaker input was rather wide band in frequency, the specimen 
responded only to frequency components near its natural frequency. This type 
of response resulted in a stress history which was of essentially constant fre- 
quency but variable in amplitude. 

Knowledge of the distribution of the peak stresses is important in char- 
acterizing the fatigue environment since the fatigue damage of a cycle of stress 
is generally considered to depend on stress amplitude rather than on the shape 
of the stress cycle. Therefore, distributions of peaks were obtained for sev- 
eral tests having different stress levels and temperatures. The distributions 
were obtained by recording the stress histories with a light-beam oscillograph 
and then manually measuring the distance of each peak from the mean over a 

6.4-second sample. The root mean square of the peak stresses (2 sP )112 was 
calculated from the measurements. For the first test, both positive and nega- 
tive peaks were measured. The analysis, however, showed that the positive and 
negative peak distributions were practically the same; thus, for subsequent 
tests, only the positive peak distribution was obtained. The results of the 

measurements are shown in figure 7 in terms of sP /py sJ? 
peaks exceeding Sp. 
from the distributions. An average distribution for all the tests is described 
by the dashed line drawn through the data. The solid line in the figure 
describes the Rayleigh distribution. 

and in percent of 
No trend due to stress level or temperature was noted 

Test Results 

The results of the random-loading tests are presented in table I11 and are 
plotted in figure 8 in terms of cycles to failure and root-mean-square nominal 
stress, the quantity measured in the test. The cycles to failure were not meas- 
ured in the tests but were computed as the product of time to failure and the 
natural frequency of the specimen. Curves were faired through the data for 
each temperature condition. 

The results of the constant-amplitude tests are presented in table IV and 
are plotted in figure 9 in terms of peak nominal stress and cycles to failure. 
The cycles to failure were computed by the same procedures as those for the 
random-loading tests. Curves were faired through the data for each temperature 
condition and extrapolated to higher stress levels since information was 
required at these levels for the theoretical predictions of random-loading 
results. 

Theoretical Life Predictions 

Theoretical life predictions were made for the random-loading tests based 
on the Palmgren-Miner linear cumulative-damage theory. To make the calcula- 
tions, it was assumed that each positive peak stress was followed by a negative 
peak stress of the same magnitude. This assumption was justified since the 
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positive and negative peak distributions were practically identical and since 
the stress time history had the appearance of a modulated s5ne wave. The cal- 
culations were made for various values of the root mean square of the peak 
stresses. 

Two life predictions were generated for each temperature condition; one 
using the measured peak distribution and, for comparison, one using the Rayleigh 
distribution. The method of calculation of predicted life for each distribution 
is as follows: 

To calculate the theoretical cycles to failure by using the measured peak 

stress distribution, figure 7 was divided into small, equal bands of ?e 

(?)I/* 
and the probability Pb of peaks occurring in each band was determined. The 
probability of peaks occurring in each band was divided by the constant- 
amplitude life N at the band midpoint stress, and the resulting quotients 
were summed. The reciprocal of this sum gives the predicted life, or expressed 
mathematically is: 

To calculate the cycles to failure by using the Rayleigh distribution, the 
same procedure was used except that the probability of peaks in each stress 
band was calculated by using the Rayleigh probability density function. 
upper cutoff level in stress magnitudes included in these calculations was taken 

as the level at which - pb did not change the sum of quotients by more than N 
0.1 percent. This method of calculation of theoretical fatigue life is essen- 
tially the same as that explained in reference 2. 

The 

Comparison of Results 

Comparison of constant- and random-loa-ding. - In order to compare the 
constant- and random-amplitude tests on the basis of peak stresses, the ordi- 
nates of figures 8 and 9 were converted to the root mean square of peak stresses 
and the faired curves were replotted in figures 10, 11, and 12. For the 
constant-amplitude tests, the root mean square of peak stresses is the same as 
the stress amplitude or Sp. 
mean-square stress was converted to the root mean square of peak stresses by 
the relation 

In the case of the random-loading tests, the root- 
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This r e l a t ion  w a s  developed i n  reference 7 and i s  based on the theory of re fer -  
ence 9 f o r  the  narrow-band response of a l i g h t l y  damped single-degree-of-freedom 
system. 

When compared at  equal values of the root mean square of peak s t resses ,  
the  mean l i v e s  under random loading were generally shorter  than those under 
constant-amplitude loading, t he  difference increasing from high t o  low s t r e s s  
leve ls .  The only case where l i f e  under random loading w a s  longer than t h a t  
under constant-amplitude loading w a s  a t  1400° F ( 1 0 3 3 O  K)  at  the  highest  random- 
loading s t r e s s  leve ls .  (See f i g .  12.)  

Comparison of experimental and predicted l ives . -  The fa t igue- l i fe  predic- 
t ions  f o r  the  random-loading t e s t s  were made by using the  Palmgren-Miner concept 

r-l 

of fa t igue damage i n  which = 1 means t o t a l  damage or fa t igue  f a i lu re .  Two 
Z N  

l i f e  predictions were made f o r  each temperature condition; one used the  measured 
peak stress d is t r ibu t ion ,  and the  other used the  Rayleigh peak stress dis t r ibu-  
t ion .  
(644' K ) ,  and 1400° F (1033' K )  a r e  p lo t ted  i n  f igures  10, 11, and 12, respec- 
t i ve ly .  
always greater  than those made by using the  Rayleigh peak dis t r ibut ion;  however, 
the  difference between the  l i f e  predictions w a s  generally small. 

The r e su l t s  of t he  l i f e  predictions f o r  room temperature, TOO0 F 

The l i f e  predictions made by using the  measured peak d i s t r ibu t ion  were 

In p rac t i ca l ly  a l l  cases, experimental l i v e s  w e r e  greater  than those pre- 
dicted by using e i t h e r  t he  measured peak d i s t r ibu t ion  or t he  Rayleigh peak d is -  

t r ibu t ion .  Since t h e  predicted l i v e s  represent = 1, t h i s  result means t h a t  
r-l 

f o r  p rac t i ca l ly  a l l  the  random-loading t e s t s ,  > 1. 

A c l ea r  t rend f o r  f o r  narrow-band random loading with a zero mean 
has not emerged from the  l i t e r a t u r e .  This point i s  i l l u s t r a t e d  i n  the  following 
tab le  : 

Reference 3 
Reference 8 
Reference 10 
Reference 11 
Reference 12 
Reference 4 
Reference 7 
Present investigation 

Specimen material  

2024 aluminum a l loy  
SAE 4130 normalized s t e e l  
24 ST aluminum a l loy  
2024 aluminum a l loy  
2024-T3 aluminum a l loy  
L.73 aluminum a l loy  
7075-T6 aluminum a l loy  
Ren6 41 

1 
Bending 
Bending 
Bending 
Bending 
Bending 
Axial 
Bending 
Bending 

~~ 

Central hole 
Edge notched 
Circumferential notch 
Circumferential notch 
Unnot c hed 
Unnotched 
Edge notched 
Edge notched 

- ~~ 
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A complete explanation cannot be given for the differences reported, but 
there is evidence that some of the differences in results could be due to the 
materials tested. For example, it has been reported in references 13 and 14 
that for variable-amplitude tests with zero mean, 7075-T6 aluminum alloy gave 
consistently higher values of 2 than 2024-T3 aluoninum alloy did. Of the 

investigations listed in the previous table, one used 7075 aluminum alloy and 
reported 

1; < 1. Adding to this evidence is the fact that the test programs of refer- 
ences 7 and 8 were practically identical except for specimen material and yet 
the tests resulted in different trends for )-,e. 

C N  

> 1, whereas four employed 2024 aluminum alloy and reported 
C N  

Temperature effects.- -- For short lives, a progressive loss of fatigue 
strength occurred with increase in temperature, the greatest loss occurring 
between 700' F (644' K) and 1400° F (1033' K). 
lives, however, the curves for TOO0 F and 1400° F begin to converge and in the 
case of constant-amplitude loading, fatigue strength at 1400° F is higher than 
that at TOO0 F. The constant-amplitude S-N curve for 1400° F is marked by a 
very sharp break at the knee; this result, however, is based on a rather small 
number of data points. 

(See figs. 8 and 9.) For longer 

The result that the fatigue strength did not progressively decrease with 
increase in temperature in the long-life region is not unique to Re& 41. 
ilar behavior has been reported for SAE 4340 steel in reference 15 and for 
PIF15-7Mo stainless steel (Condition TH 1050) in reference 16. 

Sim- 

CONCLUDING REMARKS 

Narrow-band random-amplitude and constant-amplitude bending fatigue tests 
were conducted on sharply notched Ren6 41 specimens. 
room temperature, TOO0 F (644O K), and 1400° F (1033O K )  . 
predictions were made for the random-loading tests by using the Palmgren-Miner 
cumulative-dmage rule and two different peak stress distributions, the distri- 
bution determined from the tests and the classical Rayleigh distribution. From 
the data presented, the following observations are made: 

Tests were conducted at 
Theoretical life 

1. When compared on the basis of the root mean square of peak nominal 
stresses, the random loading generally gave shorter fatigue lives than the 
constant -amplitude loading. 

2. In practically all cases, the experimental lives were greater than 
those predicted by using either the measured peak stress distribution or the 
Rayleigh peak stress distribution. 

3. The life predictions made by using the measured peak stress distribution 
were always greater than those made by using the Rayleigh distribution. 
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4. For short lives, a progressive loss of fatigue strength occurred with 
increase in temperature. For long lives, fatigue strength decreased from room 
temperature to 700' F (644O K) but did not decrease further at 1400° F 
(10330 K). 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., August 12, 1965. 
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APPENDIX 

Physical 
quantity 

.. 

Length 

Temperature 

Force 

S t ress  

CONVERSION OF U.S. CUSTOMARY UNITS TO S I  UNITS 

U.S. Customary 
Unit 

in .  

OF + 439.67 

lbf  

p s i  = lb f / in .2  
- -- . 

The In te rna t iona l  System of Units (SI )  w a s  adopted by the  Eleventh General 
Conference on Weights and Measures, Paris,  October 1960, i n  Resolution No. 12 
( r e f .  5 ) .  Conversion f ac to r s  f o r  the  un i t s  used herein a re  given i n  the  f o l -  
lowing table:  

Pref ix  

I I 

~~ ~ 

Multiple 

Conversion 
f ac to r  
(*> 

0.0254 

5 /9 

4.448 

6.893 x 103 

SI unit 

meters ( m )  

degrees Kelvin (%) 

newtons ( N )  

newtons per sq  meter (N/m2) 

* Multiply value given i n  U.S. Customary Unit by conversion f ac to r  t o  
obtain equivalent i n  S I  u n i t .  

Prefixes t o  indicate  multiple of un i t s  a r e  as follows: 

I 1 k i l o  (k )  103 
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IF 

Temperature 

TABm I.- TEBsJLE PROp%RTIES OF RE?& 41 AT ROOM AND EZEVATED V S  

“Iber Of 
tests Source 

mlm2 

1228 minimum 

1256 average 

1-0 maximum 

1276 

124 2 

1028 

Present 
investigation 

Reference 6 

h i  

128 mini” 

131 average 

135 maxi” 

140 

131 

117 

700’ F (6440 K) 

1400O F (10330 K) 

--- 
--- 

Intimate tensile Y i e l d  
Sth I (O.& stri ____ 

h i  

178 minimum 

182 average 

187 maximum 

185 

180 

149 

.rength 
‘fset) 

807 

Elongation, 
percent 

11.0 mi&d,b 

12.9 averageajb 

15.5 m a x i m m ~ ~ , ~  

C18.2 

=16.5 

‘14.8 

G N h 2  

29.4 x lrSi 105 minimum t 202.9 minimum 

30.2 x 103 

27.3 x 103 

20.2 x 103 139.4 

%sed on 6 tests. 
b2.00-inch (5.O8-m) gage length. 
‘No gage length given. 

TABLE 11.- NOMINAL CHEMICAL COMPOSITION OF & 41 

Element 

Carbon 
Si l icon  
Manganese 
Iron 
Chromium 
Boron 
Cobalt 
Mo 1 yb denum 
Titanium 
Aluminum 
Nickel 

Percent 

0.06 to 0.12 
0.50 maximum 
0.50 m a x i m u m  
5.00 m a x i m u m  
18.00 t o  20.00 
0.003 to 0.010 
10.00 t o  12.00 
9.00 t o  10.30 
3.00 to 3.30 
1.40 t o  1.60 
Balance 

Modulus of elasticity 
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TABLE 111.- RESULTS OF RANDOM-LOADING FATIGUE TESTS OF & 41 SPECDENS AT ROOM 

AND ELEVATED TEMPERUURES WITH ZERO MEAN STRESS 

ks i 
____ 

52.8 
50.0 
50.0 
50.0 
40.0 
40.0 
40.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
20.0 
20.0 
20.0 
20.0 
20.0 
20.0 

15.0 
17.0 

37.5 
36.7 
30.0 
30.0 
30.0 
30.0 
28.3 
20.0 
20.0 
20.0 
20.0 
17.0 
15.0 
15.0 
15.0 
13.0 
13.0 
10.0 

26.3 
25.0 
25.0 
20.0 
20.0 
20.0 
15.0 
15.0 
15.0 
15.0 
13.0 
13.0 
13.0 
13.0 
11.0 
10.0 

(2 j" 
I 

Time to 
failure 

Minutes 

Room temperature 

8 
10 
12 
14 
32 
36 
46 
112 
120 
125 
114 
152 
192 
281 
310 
507 
4 31 
860 

1 010 
2 597 
3 612 
12 902 
4 671 

x i  365 

700' F (644O X 

30 
21 
96 
94 
81 
80 
52 
443 
578 
729 
8ll 
894 

1 749 
2 724 
3 840 
3 994 
5 076 

>17 6% 
1400° F (10J3O K) 

35 
43 
55 
96 
107 
130 
276 
463 
466 
539 
671 
702 
825 

1 8 3 3  
11 556 
x 7  187 

Natural 
frequency 

cps or Hz 

106 
107 
108 
101 
101 
101 
105 
110 
104 
102 
ll2 
103 
103 
105 
104 
106 
103 
105 
109 
106 
106 
108 
107 
101 

104 
102 
98 

103 
100 
102 
108 
102 
103 
98 

103 
107 
102 
102 
103 
102 
98 
102 

98 
97 
96 
98 
95 
94 
99 
94 
96 
100 
95 
97 
96 
97 
94 
99 

Fatigue 
l i f e  

Cycles 

50 880 
64 200 
77 760 
84 840 
193 920 
218 160 
289 800 
739 200 
748 800 
765 000 
766 080 
939 360 

1 186 560 
1 770 300 
193. 400 
3 224 520 
2 663 580 

6 605 Loo 
5 418 000 

15 244 920 

83 604 960 
22 972 320 

29 987 820 
871 900 

187 200 
128 200 
564 480 
580 920 
486 ooo 
489 600 
336 960 

2 711 160 
3 572 040 
4 286 520 
5 011 980 
5 799 480 
10 703 880 
16 670 880 
23 731 200 
24 382 080 
29 846 ea0 

>io7 920 080 

205 800 
250 260 
316 800 
564 480 
609 900 
733 200 

1639 440 
2 611 320 
2 684 160 
3 234 000 
3 824 700 
4 085 640 
4 752 000 

i o  668 060 
65 175 840 

>lo2 090 780 
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ks i 

50.0 
50. o 
50.0 
50.0 
40.0 
40.0 
40.0 
40.0 
40.0 
30.0 
30.0 
30.0 

30.0 
30.0 
30.0 

25.0 
25.0 

25.0 
25.0 

30.0 

30.0 

25.0 

22.0 
22.0 
22.0 
22.0 
20.0 

50.0 

50.0 
50.0 

40.0 
40.0 
40.0 
40.0 
30.0 
30.0 
30.0 
30.0 
25.0 

25.0 
25.0 

20.0 
20.0 
20.0 
20.0 
20.0 
20.0 
17.0 
17.0 
17.0 

40.0 
40.0 
40.0 
40.0 
30.0 
30.0 
30.0 
30.0 
20.0 
20.0 
20.0 
20.0 
20.0 
18.0 
18.0 
18.0 
15.0 

TABLE I".- RESULTS OF CONSTANT-AMPLITUDE FATIGUE TESTS OF RE& 41 SPECIMENS AT ROOM 

AND m V A T E E  TEWERATUF3S WITH ZEBO MEAN STRESS 

(&/2 

I 
Time t o  
f a i lu re  

Minutes 

Room temperature 

12  
15 
20 
22 
24 
30 
45 
76 

102 
156 
192 
477 
603 
6 35 
906 
954 

1 276 
804 

1 074 
2 188 
2 724 
4 315 
1 728 
4 170 
4 326 

>I7 3J+6 
>1.8 098 

700° F (644O 1 

11 
12 
15 
15 
24 
28 
33 
96 
100 
1% 
175 
242 
333 
399 
240 
378 
749 
849 

11 241 
12 020 
2 919 
5 892 

>18 601 

1400° F (1033O K) 

9 
10 
10 
10 
20 
24 
25 
33 
53 
56 
65 
67 
78 

5 641 
12  582 

>17 802 
>18 213 

Natural 
frequency 

cps or  Hz 

105 
105 
104 
101 
105 
lo6 
115 
104 

99 
102 
105 
102 
103 
103 
100 
101 
102 
102 
106 
100 
104 
102 
lo6 
102 
104 
103 
104 

96 
97 
97 
98 
96 
97 
98 
96 
98 
98 
97 
96 
98 

98 
98 
99 
95 

101 
97 
96 
99 
98 

100 

91 
93 
93 
94 
98 
90 
96 
93 
94 
94 
94 
94 
94 
94 
94 
93 
94 

f Fatigue 
l i f e  

Cycles 

75 600 
94 500 

124 800 
133 151 200 320 

190 800 
310 500 
474 240 
605 880 
954 720 

1 209 600 

3 726 540 
3 924 300 
5 436 000 
5 781 240 
7 809 120 
4 920 480 
6 830 640 
13 128 000 
16 997 760 
26 407 800 
10 990 080 
25 520 400 
26 994 240 

>io7 198 280 
>112 931 520 

2 919 240 

63 360 
69 840 
87 300 
88 200 
138 240 
162 960 
194 040 
552 960 
588 000 
811 440 

1 018 500 
1 393 920 
1 9 5 8  040 
2 394 000 

4 449 060 
4 839 300 

68 120 460 
69 956 400 
16 813 440 
34 998 480 

1 411 200 
2 222 640 

>io9 37) 880 

49 140 
55 800 
55 800 
56 400 

117 600 
129 600 

298 920 

366 600 
377 880 
439 920 

31 815 240 
70 962 480 

>99 335 160 
2102 721 320 

144 000 
184 140 

315 840 
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Figure 1.- Specimen configuration for fatigue tests on Ren6 41. 



Figure 2.- Typical test setup for room-temperature fatigue test of Ren6 41 specimen. L-64-1007.1 
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Figure 3.- Schematic of testing machines used i n  conducting fatigue tests. 
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Figure 4.- Typical test setup for 700O F (644O K) fatigue test of Ren6 41 specimen. L-64-1003.1 



$61 
spec tmen 

4d , 9p- I _ S W  

Q u a r t z  -tu be heaters 

Figure 5.- Top view of typical test setup for 1400O F (1033O K) fatigue test of Ren6 41 specimen. 
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Figure 6.- Characteristics of shaker input and LVDT output for typical random-loading test. 
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Figure 6.- Concluded. 
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Figure 7.- Results of peak stress measurements for several random-loading tests on Ren6 41 specimens at room and elevated temperatures. 
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Figure 8.- Results of random-loading fatigue tests on Ren6 41 specimens at room and elevated temperatures. 
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Figure 9.- Results of constant-amplitude fatigue tests on Ren6 41 specimens at room and elevated temperatures. 
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Figure 10.- Comparison of results of room-temperature random-loading tests, constant-amplitude tests, and theoretical 
predictions of random-loading tests. 
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Figure 11.- Comparison of results of 7000 F (644O K) random-loading tests, constant-amplitude tests, and theoretical 
predictions of random-loading tests. 
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Figure 12.- Comparison of results of 1400° F (10330 K) random-loading tests, constant-amplitude tests, and theoretical 
predictions of random-loading tests. 
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